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2. ^fl^§>^Jl ^ 71^3 J*M1 

^ ^* ^-4*>7l ^*H, ^tfl ^tiiofl 4^ e}o)*j ^^cq «.a>^ #0 }ji a 

D J §7l^H ^ ol-g-^V A]^ ^ojnj ^ ^ tij-^ Aj-7] wj-^ o. ^ 

*1 7l 7l ^tb = 3.ZL^-§- 71^-t!: ^^3. ^ 71^-nflxHl- ^^>ZLX> f-. 

-§"71 SUo^, ^^V^O.S °d^5l^ *}^S.=L AlSl- ^lf^JlS 

7l7l ^ A/D(Analog/Digital) €3K^; <#7\ A/D ^SHr^^-S^f-El <83 

3^ ^^1^ 41^^ Bj-Ol^^ ^7l A/D ^ft^^ AflS^ EH^o} ^ ol nl O.*]. 

1- ^#*>JL, #7] ^#^>7l Efolnj o.^ ^ ; Aj- 

71 T%o]xQ ^fl ^olnj #^^J7 ( E^ol^l #^lb8: 
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£ 5a vfl^l JE 5c ^- H o v ^Hl *r€- bM^ ^ 

£ 6 ^ ^^ofl Bfol^ ^71^-H *M oj-g-^j- Aj^. Bj-ol^l ^7l 
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31 : A/D >£^- 32 : t%o]t$ 

33 : EWig 

34 : -f-s). ^E-KLow pass Filter) 35 : VCO^f 



7fl^^>7l Aj^o] AJ-& Efolnj Ji^*>7l ^ 
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<14> <|j _o oi^ Ajjno] ^^*V Ai^- EH^ iL^*Hr <£5!Sl#o.S 

7>^u] (Gardner) #<*M ^-g-^cf. o]^ ^ » F> M- Gardner, "A BPSK/QPSK 
Timing-error Detector for Sample Data Receivers, "(IEEE Trans. Commun. , vol. 
COM-34, pp. 423-429, May 1986 H tH^s]^ o^rf. 

<15> £ 1 ^ ^Sfl^ t\-o)r$ i=Ls s^o} M^e.^, E}o]nl <^ ^ * ^ ^ «. 

i4Ef^l 

<16> £ lofl £A]sJ «>sq. ^oj, ^5flo] e^oIbJ «a o}^ SZL Ajjr-^ 

H ^IJLS ^^>7l A/D ^^(lD^f, T%°]*Q ^ <H*V ^ 

^, ^-8- ^1^1- ^tb 7^ ^ ^Ei(13)^-, E}o]ig^ Efolnj A]^^- ^*> 7 1 

fltr VCCXVoltage Controlled Osci 1 lator)^-(14)S ^QA. 
<17> ^fl^o. dlolE^ ^S}-^ ^ ^-g- 7^ ^Alcfo) ^ 

eH*J ^713]^ A/D ^^MjKlDS. «a^^rf. a/D ^SHKlDfe- o>^3.zz. 

-2-*Kr 7^ ^Ei(13)S ^^^f. 7^ ^-4 ^E|(13H Efolul ^ 

^ ^171^^ VC0^-(14)<H1 VCO-^UHl <y§^ EH*?} ^.^^> 7 1 

SL*}& Efolnj^. ^c]^^ ^i}. 

<18> £2b 4 V 7l £ 1^ Efol^J ^#^-(12)ollAi Efol^l SLx}Mr ^#*Hr 

l^iES.^ , Hj.sq. £6. Gardner wj-Alofl nl-sig Bfojnj 4I"4 ^ ^4 
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<19> £ 2*1] -£^1^ h><4 ^-o], Bfojnj ^ ^#«-(i2)^ ^(Iiln-phase)/^^ 

(Q: Quadrature-phase) ^Ml AA 27fl^ ^31(21,22,25,26), ^#^71(23,24,27,28), ^f- 

<20> ^(21)^ A/D £#7l(ll)3JM) <a^€ 41s* T^^r. ^S- I 2n -2. 

Q2n-2 °1 AA 3*1^ I 2n -1, Q 2n-l^> 0 d^3:n. SE 

^flS* <3 3 ^lB)?} I 2n , Q 2n 7> l-^iL^ ^^(21,22,25,26)^ I 2n -l, 
l2n-2, Q2n-1. Q2n-2?V *1 #3 Tfl S^. 3^M(23,24,27,28)*r I 2n> I 2n _ 2 Q 2n , 

Q 2n _ 2 ^IJl* ^IJl -*Ml<*(| n}-^ ^^JsH i ( ^o.^ ^tr^f. 

<21> U^i^, ^71^ ^7131- ^71 Si ^A>^ -g-Sfl 3^a}0.3. Efo]n o l ^ 

<22> ZL&m, ^Hfl 7l#o]l Ofe^ El-olnj nfl sgS. §g^p>cf Bj-o]^ ^>^- 

^#*>^ H o V ^-2_5L ^H^-S. 2711^1 C^ig ^Jr-g. ol-g-*>7l ttfl^-ofl 

*[2L°\}*\ H!^}*! ^ ^-f^lH Bfolul ^.g. 7^1^>7ll ^Cf. ol^ 

^ol o}v} El-olnj ^ ol 7 l nfl^oll ^^7]. 

^1^^- 7^711 Stb, E^-Olnj ^>^ol nfl ^« ^^r^T M-Bj-LfjELS. <%%mLx}7} 

^^-^^'^\ jix} QAM(Quadrature Amplitude Modulation) ^MH^ t1MB| -VSl-SM^ 

A. 
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^IJLtfl #4«H Hfolnj ^j-^S-O} «.A>_g- #OlJl ^^A] ^##Efl *] B) ^ 



^^K^* ^fl Efoluj 0.^0} ^ w o^^o) a7l» S^*Kr ^1 ^*1 

^14 ^SK^I #71 2111 vfl^l ^114 ^VSH^ ^ ^jq-ofl ixj-el-, 3#*> 
71 *fll ^ *112 Jf-3L 2fli * 2]12 ^-Je. ^t^r^ ^ 

; ^ ^-71 211 1 ^ ^2 -^3L ^#^^1 ^# ;g3H 142!-, ^-s ^Sj-7} &-|- ^-f Bl-ol 
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^^17171 A/D( Ana log/Digital) £^#; #7l A/D ^^JlS^ £^3^3. 

<^ BH^4 ^"71 A/D AflS.^ El-olul^-o] ^ 0 ]nj 

#7] B}o}^ -f-Sfl a>^^ ^olnj %^}jl t Ej-ojul ^ 

71 A/D €^#3 ^Ojnj ^^s. ^*>7l BW*9 ^ ^^cj 

-f-sfl t^igxijrs ^Al7)^ *fl 1 ^1; <#7] A/D ^>^O.S 
^S^fe- El-ol^jq. ^V 7 ) A / D AflS.^ BH^o} 

2 #7fl; >{J-7l Bfolnj ^ :§-*fl Bfo]^ ^^^Jl, ^o]vQ ^ 

#^3M: ^H*^ *H 3 #711; ^>7l E^-olnJ ^ ^ftS) ?%7]f>}jL 

^3h§- ^Kr *H 4 #31; £ ^"71 Efolnj ^ ^^oflA^ A>#5J ^>^o)l tfl-§- 
^ Efol^^. ^o]Al7l ^"71 A/D ^^51 Afl^.^ E]-o]Djo) ^ol^J 
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oj-^zi A/D ^-^S- **fl ^^^Ai^s. 7^ ^1 1 71^-; #7l 

A/D ^Jfi^Ei ^x}^0^ <y^£]^ Bj-o}^ ^-7] A/D 

*V **fl 3#*Rr A 2 7l^; ^"71 E}olnJ ^ ^ AV^^ Ej.ol^ 

^.^>1- #^*>J1, #^Sbgr *lH*Kr A 3 71^-; ^-7] *flom Hfolxg o.*}- 

#«-o)]A-l A>#^ tfl-§-*Hr Efo]n ol ^. ^o]Al^ s& 7 ] A/D ^1" 

^ Bfolnjo] ^ojnj 5 7) 7] 7l ^ tb H5.ZL^ 71^ 

<28> Jpg^. ^-^-g- ^tb E^g-O] 

^ iLEf £-^*fl ^ sHe*. °l*h %!-a*H «>^*b <H 

<29> £ 3 °- 2. M^ofl 4 a Bfo] nj ^ ^.g. Oj-g-tj- E]-o]nl # 

^tb A/D(Analog/Digital) ^«r-¥-(31)^, A/D ^3Hf (31)5.^ <y^S)^ 
T^^l^ Efo-|^4 a/D ^«:-f-(31)^ ^1-^ Bj-ol^i^o) bM^i 

^-JL, ^-7) AISS] JjLjr^s}--!- ^#^>7l ^tb EH^l SLx} ^#^(32)^-, Bfolnj 

^> 3 #^(32)!- ^ ^>#^ Bl-ol^l ^*}jL t B[o)^ ^ol^l- 
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7} Bfo]p 0 i slx\ #3 ^H^-(33)^, Efolnj ^ ^ Tfl 0^(33)1- -f-*fl *1H^ 

EH D J _2_*} ^-g-^- ^^JL 2.x}!*] ^}^r -f-jzf ^(34)^, 

Bfolnj ^ ^«|of(32HH tfl-g-*H=r ^#*8 t5H n J* €°H^ A/D 

^^(31)31 ^g#^ ^o]^^ ^ojnj ^^>7l VC0^-(35)» ^t>l*M=h 

<31> <^7l^, E^-ol^i o.*}- ^#«-(32)^, ^^iH^ ^#^-(AND 7flolH)(411)§ ol-g-^H 

(32)2] ¥1^1 ol^- ttf-s -M^l^H Bfo]^ oflE^ #^ ai^I- 

<32> £ 4 ^ ^d)] tcj-^- Efolnj ^if-H *|H 3 ^JE^t}. 

<33> £ 4<H] w>5f ly-o] f g-tg^q 4a ^ olD j *IH *>*1^, A/D 

(31)^b] 0.3. S^^fe ^^1^ og^ eM^4 A/D £^¥-(31)^ 

^ Efolnj^o) B^o]Tg <^aV^- tt]3| (401,402,405,406)2]-, ^b] 

(401,402,405,406)* **fl ^ojnj 0.^0) ^ ^ °] H7l# 2:^§> 7 1 

$13: (403,404,407,408)^, 6 <J=*}$-7l (403, 404, 407 ,408)^1 ^^Ml 

SLigSj-S ^#15}71 ^J: 3#-^-(Ex-0R 7llolH)(409, 410)2]-, -SfJE. ^#^-(409,410) 

(AND TiMS) (411)2}-, tLjr ^#-¥-(409,410)2] ^# ^ oj-e]-, «-J: igs)-7> ^-f 

Efolnj #i^-§- *)HS}7) 2]*V Hfolnj _0*|. ^ ^ 0^(33).^ ^til*ltf. 

<34> 
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<35> 



<36> 



1^-1 = (lat-i - 0 5 • (1^ + 1^)) 
Q^I = (Qau-i "_0_5 (Q^ + Q^_ 2 )) 
1^=0.5 1^, 0^ = 0.5^^ 

<37> o}7H, n lo^o] ^^ojcf. 

<38> a/D ^^(31)^Ei c]^]^ a] si- ^#<2:3H 3*fl k y] B5. S^*}^ 

34-, ^1^^ kalH a|#Jfl alB^ ^-Jl alH°lJL M-^^l k-l«lH^ ^o] 

El HlHoltf. Ex-0R 711 olH(409 ,410)7]- £r(0n) ^7> 5^ ^4- AND ?1HB(411) 

7} ^<5M E}o]nl 3^ ^ft-§- Lfl^ ^^^7> ^r(On) ^7> £) ^ , Ex~0R 7|MH 
(409,410)7} 3-if- ^(0n) ^"^7} ^-f ^ eH d J ^} ^H*}^ 4g 

A. W cH44r £ 5a°lH ^#^1^0)1^1 -2-*> #^3b§- -B-^l 

^TT M S£fe £ 5b^lH ^ *l^H*V E^nl O^j. ^ ^Efl 

of 0.14, ^- I^H^ £ 5c<HH JZ*} *}^*\]*\ EH*J f^^^g- LflzL 

^^JE^> ^l^ol ^.o^l bI-o]^ #3^-g- £ 4^1 Ej-ol^l ^ 

<39> £ 6 °- ^ofl ^ El-ol^ ^-7l^£ *|H ^11- oj-g-^V Al^ Efo]nJ wj- 

<40> S. 6*\] S.*\& ^-ol ) ^>^O.S <g^£]fe Aljro] oje^ EH n J*}- 

I^ig Aljro} ^o]n o l AV^ji, O.^ oj^sj^ ^ ^ ^j- 
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^^M?}" 7^*1 EH^c 1 #2^} J! ^#5^1 ^ ^ -f E}o) nj ^J. ^ 

^ afloat*. 

BjiUa, ^Al#o_5. oi^s]^ o>^ S zl ^Jll- A/D ^^(31)1- rq^l^ ^Jr 

S ^^l?lcf(601). 

<#7W*\ ^# «o V ^^l 4^ Bl-olnj ^1^}J7(602) ^-31^5}- 

(409,410)1- -M ^-S 3^*VcK603). 

^-f Hj-o}nJ ^.o]s. 2,^7} ^ ^(604) Efolnj ^x>^ # 

^*Vrf(605). 

-g-SM: ^>J1(606), 7^ ^El(34HH ^V#^ Efo]^ £.*}-3Hl uj-s}. ^€ 

% eW*3 ^°]^>7fl 5]JL, ^#*y eH d c! ^ ^^(607,608). 

4^ ^Mlsi ^ Ai^oj Afls.^. ci^^ aij:7|- ^s]^ 

°o v ^* ^^1^1^(609). 
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tfi ^ #°l:n, ^1- Hfolni ^71 sis. bH^i -2-*Hl ^ *V SL^M" 

^ 9X>\) a. cf^l^jL ^a]^ -fr^tf 

< 47 > ^ofl^ j=l jr ^sf Ex-0R TflolHS. ^-^*>5!^^, Ex-N0R s) 

5.5. ^^H^- AND 54- OR Tllo] eo^ s^-o^JE ^ S^cf. 5E*h eH^o 1 

<48> 5L 7 ^ -g- ^ Bj-oj^l ^71 4^ Bj-ol^l 6fl^ ^#7l ft 

neflHS. M-bJ-hH ^Al£S^, <^tiV^«y [S. 2]^ ^4 [S. 2]+[^«H 1]« 0 V ^°1 ^-g- 
€ %SL3., 4](BH T £ ofls] #^ ^HS]S S^)7> « 0 Vl 3^ EH 

D J <^|S) ^#71 ^ M.A^ u^vfl $o)t±. 
<49> £ 8 •& >a-l- EHnJ 4€- E}o]nJ 6\] s) ^^ 7 ] «-A> 

nsflHS q-E|-Va ^#3*1 [S. 2]£) [JE 2]+[^«^ 1] «o v ^°l 3 

■§■€ 3-°-5, [^r«H 4](eH*o 1 oflel #3 *H<H33. if)7} « 0 Vl 3^ e} 

°1*3 413 ^#71 ^ u|E^vfl ?H4. 

7l^npfl(^^^-, ^, ^3, Sf-EL ^>7l c]^a 
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°>M^, 7l#^| Aj-Aj-O. ^c^uj-xl ^3 ^ 7>^1 ^ 



[^33 Ml 

#*>J1 Jf3L#3}- ^#^-1- ^7>*H ^S)-7> $X±t #7] Efojnj ^ 
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11 

>S-7l XU ifl*l XH <£-*Hr#* -g-^fl Sl^fe ig ^ ^ j^y^ a 

7l» XI 1 vfl*l XH Wt^; 

XU £ *)12 ^-Jl 

-8-71 XU * X| 2 ^-Jl 3 3# ^*H1 QC^js^^-)^ £ 

¥ <83h*}- ^-^1*1-71 ^tb ^^in^> ^t^Et; ^ 

^-71 XU ^ Xl2 Jf-JL 3*^3 ^ofl ttj-sj., JjLjr £3-7} Efo] 

* St^Kr ^B^lt 71^^- Bl-ol^l ^-71^-H XH #*1. 

I^T 2 "* 2] 

211 1 %hi sa°H, 

^-71 XI 1 ^*1 Xl4 <2<lM^£-, 

^eflt ^2 71^^- ^ T%o]*Q ^-71^5. XH 
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^=0^-1-0 5 (i^+i^)) 

Q^-l = CQ2n-l • (Q^ + Q^)) 

1^=0.51^.2, 0^=0.5^^ 

3] 

A/D(Analog/Digital) 

71 A/D aa§^ Efoltg^ Efolpj SL^}m ^-7) x^ig xi ^ -SjL 

Efolnj ^fl AV*^ B}o]nJ <t^*>JL ( T=H^ 
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^ #71 A/D €SHr^ <g$^j ^ojnj ^.g. ^ ^ B^ig J£ 

4] 

XI 3 

#7l EMnl C_*|. ^f^C^g-, 

A/D ^^S^ <g^s)fe- ^ EH 1 ^ A/D £$HM 

#7] X] 1 ifl*l X) 4 ^^t -f-^fl ^s)^ Efojty J^o} «j-t£ ^ a7 | 
* 2^*Kr XI 1 vfl*l XI 4 0 <M-5pf ; 

#71 XU ifl^l XU ^>^fil ^^Hl ^Jl>£<z)-!- ^#^>7l ^tl: XU 

^ XI 2 « 3#Jf ; £ 

#71 XU ^ Xl2 ^Jl ^#^-^1 3# ^s)-ofl rcf^, I(^#)<q- Q(^5UH#)^ 2- = 

# 1Mb ^Efl^f 7l^* ^ol^J ^7l^H XH #*1# oj-g.^ Aj-g- 

Bl-olnj ^71 #*1. 
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5] 



^ = Wl • Ok " kJ + Qk-1 • (Qfc " QfcJ 

Q^-i = (Q^-i "_0_5 • (Q^ + Q^_ 2 )) 

1^-2 = 0 5 Q2n-2 =0 5 Q 2n _ 2 

^ 3 ^ S^r *H 4 5U<H*1, 

#7] ^^iE^> ^#^-«- o]-g-1jj}a} EHnJ #^A]7lJl ^^M- ^0} 2} 
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7] 

# 7 ] Till ^ *112 ^-Jl ^# ^*H1 ^Jl £^-7> ^-f EM*8 

[^t 1 * 8] 

EH** 1 ^71 -f-H. *1H ol-g-^j- ^ Efo]^ ^71 ^-g-S]^ ^ 

oj-^sn A]S# A/D Jg-n V)x)i£X\3LS- ^$Al7l 

^ *ll 1 #31; 

3iM: *\)o]i5}^ 3 #7fl; 
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^7} 3H€ Efolnj ^--g-^- 47]i5[jL ^3Mr 31 4 

#31; ^ 

^ ^7) A/D ^^2] Afl^^ El-clnj^ E^nj ^ 5 c^] 

13 9] 

31 8 *M 91°]*], 

^7] 2 #31^, 

#7] A/D ^^Sl^ i3*]ig a]J:o] A/D ^ 

^7 31 7 #31; 

#71 7 #31^3 ^ ^^fofl rtj-s}-, ^-J^SH- ^#S>^r 31 8 #31; ^ 
#7l ^^sj- ^# o^, I(^#)^- Q(^^#)# 2-¥ 

10] 

31 8 ^ 31 9 %H1 &<H>H. 
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^7) *fl 3 

13 T 1 ^ 11] 

tt *)1 1 7}±t; 

^■7) A/D ^^S^-Ei ^*>3°-5. ^£)^r t\x]ig Also) Bj-ol^ol]- #7] 

A/D ^«r^ BHnl^o} Efolnj A]-^} , ^7} t\x)Q *\S.S>) ^3^3*- 

«- B}o]ni ^f-*fl 3#*Rr *fl 2 71^; 

^-7] Efolnj ^ -g^fl ^olig ^V^- #3j«5}j7, O^). ^ 

^71 Bfolnj ^J^o])^ A].^^ ^.^^ofl tfl-g-SRr >§#U EM 1 ?}* 

^ #7) A/D £^-3] EM°<J3 Hfolnj ^.^§>^ ^| 5 7]^ 
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